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1078–5884/00The Clinical Effectiveness of Hand Held Doppler Examin-
ation for Diagnosis of Reflux in Patients with Varicose Veins
W.B. Campbell,1* P.G. Niblett,1 A.S. Peters,1 J.B. MacIntyre,1 S. Sherriff,2
S. Palfreyman2 and J.A. Michaels2 on behalf of the REACTIV (Randomised and
Economic Analysis of Conservative Treatment or Interventions for Varicose veins)
Study Participants1Royal Devon and Exeter Hospital, Exeter, and 2Sheffield Vascular Institute, Northern General Hospital,
Sheffield, UKObjective. To assess the accuracy of hand held Doppler (HHD) as a rapid screening test for selecting varicose vein patients
for duplex imaging.
Design. Prospective single blind study of consecutive patients in a randomised trial.
Materials. Use of hand held Doppler and duplex ultrasound scanners.
Methods. One thousand two hundred and eighteen legs (943 patients) were examined by HHD and then duplex. HHD
examiners recorded whether they would normally have requested duplex.
Results. HHD results of one Clinical Assistant (166 limbs) were significantly poorer than all others and his results were
excluded from analysis. Duplex would not have been requested in 645 of 1052 (62%) limbs. Among these HHD missed
significant reflux in the long saphenous vein in 18 (3%) and the short saphenous in 25 (4%). Reasons for requesting duplex
were popliteal fossa reflux (202); recurrent (94) or atypical (86) varicose veins; and possible previous thrombosis (67).
Differences were observed between staff and units in requests for duplex; and in thoroughness and style of duplex reporting.
Conclusions. Selective use of HHD can avoid duplex imaging for many patients, with a low failure rate for detecting
correctable venous reflux. Observed variations between individuals and units in results of HHD and duplex imaging have
implications for the increasing use of duplex by clinicians.Keywords: Doppler; Duplex; Varicose veins; Venous disease; Ultrasound.Introduction
Assessment of varicose veins has advanced during the
last 20 years from simple clinical examination
(occasionally supplemented by venography) to the
use of hand held Doppler (HHD) which is more
accurate1–7 and subsequently to duplex ultrasound
scanning. Duplex ultrasound assessment of varicose
veins is now accepted as the gold standard for
determining venous anatomy and sites of reflux.8–11
This allows planning of thorough treatment—usually
by surgery for symptomatic long or short saphenous
reflux; by compression hosiery for deep vein incom-
petence; and sometimes by sclerotherapy for minor
varicosities. Newer treatments are becoming available,ing author. Prof W.B. Campbell, Consultant Surgeon,
of Surgery, Royal Devon and Exeter Hospital (Won-
Road, Exeter EX2 5DW, UK.
: bruce.campbell@nice.nhs.uk
0664 + 06 $35.00/0 q 2005 Elsevier Ltd. All rights reserbut they are unlikely to reduce the need for accurate
assessment.
Some surgeons favour duplex scanning all patients
presenting with varicose veins.8–11 Others restrict
duplex scanning to those patients in whom they are
uncertain about the exact sites of venous reflux—
especially those with reflux in the popliteal fossa12–14
and those with recurrent varicose veins. This selective
approach can avoid duplex scanning for more than
50% of patients,15,16 with savings in equipment costs,
personnel and waiting times. However, there is
continuing debate about how often HHD assessment
is inaccurate and how much this might compromise
the long-term results of surgical treatment. This
uncertainty is compounded by lack of knowledge
about differences in diagnostic accuracy between
different units, surgeons, and technologists—both for
HHD and for duplex ultrasound.
Ultrasound techniques are acknowledged to be
heavily operator dependent, so interpretation ofEur J Vasc Endovasc Surg 30, 664–669 (2005)
doi:10.1016/j.ejvs.2005.05.037, available online at http://www.sciencedirect.com onved.
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scanning should take account of variations in tech-
nique, experience and reporting of results between the
different clinicians and units. In addition, the import-
ance of venous reflux depends not only on its duration
(the only criterion used in most published work) but
also on the diameter of the affected vein, the velocity of
reflux, and the presence or absence of reflux elsewhere
in the limb. Any unit’s definition of ‘reflux’ will affect
its reported prevalence, and will also affect the
apparent accuracy of HHD examination by its
clinicians.
Another important source of bias in previous
studies on the accuracy of HHD has been inclusion
in the analyses of all patients examined—not just those
for whom the examiners would have decided against
the need for a duplex scan. It is this group in whom
reflux might be ‘missed’ in practice. This needs to be
taken into account when evaluating the clinical
effectiveness of HHD diagnosis in everyday practice.
This study aimed to examine specifically the accuracy
of HHD assessment in patients for whom duplex
scanning would not have been requested among a
large cohort presenting to two hospitals. It also gave an
opportunity to compare the accuracy of assessment
between the different units and their various grades of
staff.Materials and Methods
The REACTIV (Randomised and Economic Analysis of
Conservative Treatment or Interventions for Varicose
veins) study was a prospective, randomised study
involving clinical, ultrasound, cost, and quality of life
measures to compare different treatments for varicose
veins. Full ethical approval for the study was obtained.
All patients with varicose veins due to attend outpatient
clinics of the vascular surgical units in Exeter and
Sheffield between October 1998 and January 2001 were
asked to participate in the REACTIV study. Table 1
shows the epidemiology of the patients who were
included in the study and who had both HHD
assessment and duplex imaging. Until March 2000,
patients with primary and recurrent varicose veins were
recruited, but thereafter only patients with primary
varicose veins (no previous surgery) were included:
This change was related to the need to concentrate
resources on those who were potentially suitable for
recruitment to the randomised arms of the trial.
The study protocol specified HHD and duplex
ultrasound assessment of all symptomatic limbs, and
required the surgeons using HHD to record whether
or not they would have requested duplex examinationbased on their HHD findings. HHD was done with the
patient standing and the examiner squeezing and
releasing the calf to promote venous flow. Reflux (O
1 s, as judged by the doctor6) was recorded as present
or absent with the Doppler probe in the groin crease
and over the long saphenous vein (LSV) in the lower
thigh (reflux at either site was taken to indicate ‘LSV
reflux’); and over the popliteal fossa. Examiners were
required to record whether, on the basis of their HHD
findings, they would normally have requested a
duplex scan because of uncertainty about the presence
or sources of reflux.
HHD was done in outpatient clinics by consultants,
Specialist Registrars (SpRs—senior surgical trainees),
Senior House Officers (SHOs—junior surgical trai-
nees) and in Exeter by a Clinical Assistant (a doctor
from general practice who had been undertaking two
sclerotherapy sessions in Exeter each week for several
years). Before the study started a group of examiners
from both centres held discussions and examined
patients together to develop consensus in the meth-
odology and criteria for establishing reflux.
Duplex scanning was then done by Vascular
Technologists (who had access to the HHD findings).
The presence or absence of reflux was determined at
the saphenofemoral junction; in the LSV in the lower
thigh; in the short saphenous vein (SSV); in the
popliteal veins; and in any other refluxing veins
identified during the scan. The threshold values for
diagnosing reflux were a duration of O1 s and a peak
reverse velocity of O10 cm/s.6 Technologists in Exeter
recorded precise figures for duration and velocity and
also recorded from multiple sites within each vein
(their usual practice) while in Sheffield a record was
simply made of the presence or absence of reflux at
each main site.
For the purpose of this study, the denominator for
cases in which reflux was considered to have been
‘missed’ by HHD was the number for which the
examiner would not have requested a duplex scan:
The percentage or proportion ‘missed’ was calculated
as the number of such cases in which reflux was
detected by duplex but not by HHD, divided by the
total number of limbs for which duplex would not
have been requested.
Statistical analysis for differences between groups
was by the Chi-squared test. All percentages are given
to the nearest integer.Results
The main results are shown in Table 2, which gives
details of the percentages of limbs for which differentEur J Vasc Endovasc Surg Vol 30, 12 2005
Table 1. Epidemiology of patients
Exeter Sheffield Number of
patients
Men 137 124 261 (28)
Age range
(median)
52 49 51.1
Minimum age 18.2 21 18.2
Maximum age 81 85 85.3
Women 372 310 682 (72)
Age range
(median)
48.3 43 46
Minimum age 20 18 18
Maximum age 84.1 81 84.1
All patients 509 (54) 434 (46) 943
Age range
(median)
49.1 45 47.2
Minimum age 18.2 18 18
Maximum age 84.1 85.3 85.3
Figures in parentheses are percentages of the total number of
patients (943).
W. B. Campbell et al.666grades of examiner in each hospital would not have
requested duplex imaging after their HHD assess-
ment. Similar proportions of HHD examinations were
done by consultants in Exeter and Sheffield, but the
proportions done by different grades of trainees
differed between the two units (SpRs 11 versus 48%
and SHOs 21 versus 9%, respectively, p!0.0001).
The Clinical Assistant in Exeter did 23% of the HHD
examinations in that unit, reflecting the proportion of
patients referred to the sclerotherapy clinic at the timeTable 2. Numbers of limbs examined using HHD by staff of differen
scans would not have been requested (i.e. any incorrect assessment
clinical practice)
Grade of examiner Number of limbs
examined (% of
total)
Scan not requested
(blind) (% of exam-
ined)
Consultant
Exeter 327 (45) 171 (52)
Sheffield 211 (43) 148 (70)
Total 538 (44) 319 (59)
SpR
Exeter 82 (11) 50 (61)
Sheffield 236 (48) 159 (67)
Total 318 (26) 209 (66)
SHO
Exeter 152 (21) 81 (53)
Sheffield 44 (9) 36 (81)
Total 196 (16) 117 (60)
Grand total
Exeter 561 (53) 302 (54)
Sheffield 491 (47) 343 (63)
Total 1052 645 (62)
Clinical Assistant
Exeter 166 (23) 110 (66)
Sheffield – –
Total 166 (14) 110 (66)
The right hand three columns show the numbers (%) of instances of refl
fossa (including reflux in both superficial and deep veins), and in the
examined by the Clinical Assistant: these were not included in the ana
limbs examined (166 by Clinical Assistant and 1052 by all others) and th
461Z1216): data were missing for two limbs.
Eur J Vasc Endovasc Surg Vol 30, 12 2005of the study. That Clinical Assistant missed LSV reflux
in 32% (35 of 110) limbs, and accounted for two thirds
of all the instances of missed LSV reflux in the study
(significantly different to all the other examiners, p!
0.0001). He also missed a disproportionate number of
the cases of short saphenous reflux—in 12% of those
examined (13 of 110), while the proportion missed by
all other staff together was 4% (25 of 645) (p!0.0001).
His results were therefore excluded from all the
analyses, although they are presented in Tables 2 and
3 for completeness and comparison.
The figures in Table 2 show that, overall, reflux in
the LSV was missed in 3% limbs (18 of 645). There
were no significant differences between consultants,
SpRs or SHOs of staff in the two units, although
numerically the highest proportion of missed cases of
LSV reflux was by SHOs in Sheffield (pZ0.03) who
examined smaller numbers of cases than any other
group. The presence of any reflux in the popliteal fossa
was missed overall in 9% (60 of 645) cases and short
saphenous reflux was missed in 4% (25 of 645) cases.
For comparison, Table 3 shows similar data
obtained from patients for whom duplex scanning
would have been requested and Table 4 describes the
reasons given for requesting scans.
Table 5 shows details of the cases of LSV and SSV
reflux which were detected by duplex but not by
HHD. The numbers of cases with reflux O1 s both att grades in Exeter and Sheffield and the numbers for which duplex
by HHD in these limbs would have gone undetected in normal
LSV reflux missed
by HHD (% missed)
Popliteal fossa
reflux missed by
HHD (% missed)
SSV reflux missed
by HHD (% missed)
3 (2) 20 (12) 4 (2)
4 (1) 14 (10) 9 (7)
7 (2) 34 (11) 13 (4)
1 (2) 6 (12) 0 (0)
7 (4) 6 (4) 6 (4)
8 (4) 12 (6) 6 (3)
0 (0) 12 (15) 4 (5)
3 (8) 2 (6) 2 (6)
3 (3) 14 (12) 6 (5)
4 (1) 38 (13) 8 (3)
14 (4) 22 (6) 17 (5)
18 (3) 60 (9) 25 (4)
35 (32) 28 (25) 13 (12)
– – –
35 (32) 28 (25) 13 (12)
ux missed by HHD for the long saphenous vein (LSV), the popliteal
short saphenous vein (SSV). The lowest rows show the numbers
lyses (see text). Note a discrepancy between the overall total of 1218
e numbers for which scans were recorded as done or not done (755C
Table 3. This table shows information similar to Table 2 for the limbs in which duplex imaging would have been requested by examiners
after their HHD assessment (i.e. any incorrect assessment by HHD of these limbs would have been detected in normal clinical practice by
subsequent duplex scanning)
Grade of examiner Number of limbs
examined (% of
total)
Scan was requested
(non-blind) (% of
examined)
LSV reflux missed
on HHD (% missed)
Any popliteal fossa
reflux missed by
HHD (% missed)
SSV reflux missed
by HHD (% missed)
Consultant
Exeter 327 (45) 156 (48) 11 (7) 16 (10) 5 (3)
Sheffield 211 (43) 62 (29) 5 (8) 3 (5) 3 (5)
Total 538 (44) 218 (41) 16 (7) 19 (9) 8 (4)
SpR
Exeter 82 (11) 32 (39) 5 (16) 2 (6) 0 (0)
Sheffield 236 (48) 76 (32) 8 (11) 5 (7) 3 (4)
Total 318 (26) 108 (34) 13 (12) 7 (7) 3 (3)
SHO
Exeter 152 (21) 71 (47) 4 (7) 6 (9) 1 (1)
Sheffield 44 (9) 8 (18) 0 (0) 0 (0) 0 (0)
Total 196 (16) 79 (40) 4 (5) 6 (8) 1 (1)
Grand total
Exeter 651 (53) 259 (46) 20 (8) 24 (9) 6 (2)
Sheffield 491 (47) 146 (30) 13 (9) 8 (5) 6 (4)
Total 1052 405 (38) 33 (8) 32 (8) 12 (3)
Clinical Assistant
Exeter 166 (23) 56 (34) 14 (25) 7 (13) 3 (5)
Sheffield – – – – –
Total 166 (14) 56 (34) 14 (25) 7 (13) 3 (5)
All numbers refer to numbers of limbs. Numbers in parentheses are percentages of the total number of limbs assessed.
Hand Held Doppler for Varicose Veins 667the upper junction and in the trunk of these veins
represented only 42% (18 of 43) of the total in which
reflux was missed. A common source of confusion was
reflux in the more distal parts of LSVs and of SSVs
(particularly in Sheffield) with competent upper
junctions. Some of the remainder were of uncertain
significance for the long-term results of treatment—
particularly one SSV only 2 mm wide and another in
which reflux was only observed after some calf
squeezes, and not others, during duplex imaging.Discussion
A striking feature of this study was the significantly
poorer detection rate of reflux on HHD by the single
clinical assistant in Exeter, working in isolation in a
sclerotherapy clinic. This clinical assistant had beenTable 4. Reasons given by examiners for requesting duplex
imaging after HHD assessment
Reason for scan Exeter Sheffield Total
Popliteal fossa reflux 137 65 202
Atypical varicose veins 61 25 86
Recurrent varicose veins 59 35 94
History (previous DVT or
leg fracture)
41 26 67
Total 298 151 449
Note that the figures differ from those in the preceding tables
because more than one reason was given for requesting a scan in
some limbs. The figures of the Clinical Assistant have been excluded
from this Table.trained in HHD some time before the study, but he had
required retraining in various areas of patient assess-
ment, and for reasons unconnected with the findings
of this study he ceased to work in the hospital and in
this area of practice. His results were so dissimilar to
those of the consultants and their trainees (who
normally assess patients referred with VVs) that it
was considered appropriate to exclude them from the
analyses. The high failure rate of the clinical assistant
sounds a note of caution about HHD assessment of
varicose veins outside the usual team setting by
clinicians who are not ‘expert’ or closely supervised.
This study was rather unique in identifying
prospectively those limbs for which duplex ultra-
sound would or would not have been requested in
normal clinical practice: this helps to make the
findings applicable to units which use duplex imaging
selectively. This methodology made the use of
conventional sensitivity and specificity analysis
impractical, because sensitivity would automatically
be zero for all those patients for whom scans would
have been requested. The proportions of limbs for
which duplex would have been requested varied both
between different grades of staff and between the two
units. Perhaps most interesting was the contrast
between Exeter consultants (who would have
requested scans in 47%) and Sheffield consultants
(only 30%). The practices of SHOs in the two units
mirrored those of their consultants (47 and 29%,
respectively)—perhaps reflecting very close super-
vision of junior trainees—while SpRs requestedEur J Vasc Endovasc Surg Vol 30, 12 2005
Table 5. Features of the cases in which LSV and SSV reflux were missed within the definitions of the study
Total number
‘missed’
Number with reflux at upper junc-
tion and in trunk
Features of other cases
LSV Exeter 4 2 2 Reflux from SFJ to anterior thigh veins
LSV Sheffield 14 6 6 Competent SFJ but LSVreflux, 2 reflux from SFJ to two
competent LSVs
SSV Exeter 8 6 (2 narrow w3 mm) 1 Reflux only after some calf squeezes, 1 SSVonly 2 mm
diameter
SSV Sheffield 17 4 9 Competent SPJ but SSV reflux (1–2 s only in 4 cases), 4
reflux but SSV competent
The table shows separately the cases in which there was significant reflux both at the upper junction and in the trunk of each vein; and the
cases in which there were unusual features, which might have explained reflux being ‘missed’.
W. B. Campbell et al.668similar numbers of scans on the two units (39 and 36%,
respectively).
The results also exposed differences in duplex
imaging practice, despite attempts to standardise this
before the study. In spite of the preparatory agree-
ments, each vascular laboratory retained its usual style
of scanning, and analysis of results showed unex-
pected contrasts. The Sheffield laboratory (in common
with many others) undertook ‘quick scans’ and simply
indicated the presence or absence of reflux on a
proforma. Missing data (from agreed sites on each
limb) were quite common. By contrast, the Exeter
laboratory produced tabular reports from a dedicated
database showing site, duration, and velocity of any
reflux, together with diagrams, footnotes about
anatomy, uncertainties and peculiarities; and there
were seldom any missing data. These differences
occurred despite communication between technol-
ogists working in the two units to try to standardise
procedures. This illuminates the fact that information
reported from venous duplex imaging varies between
units, and adds substance to the general observation
that duplex is ‘operator dependent’. It raises some
concern about duplex as a ‘gold standard’, because
that ‘gold standard’ may differ substantially between
different units which have published comparisons
between duplex and HHD findings.
There are now a number of studies which rec-
ommend that all patients with varicose veins should
be duplex scanned.8–11 This may be reasonable if
resources are available, and it is understandable in
settings where the financial incomes of units and
practitioners are enhanced by charging for a scan for
each patient. However, in any health service seeking
limitation of costs, our findings suggest that the benefit
and cost effectiveness of routine duplex imaging may
be low. Excluding the figures of the Clinical Assistant,
645 of the 1052 (61%) of the limbs examined in this
study would not have received scans, and as a result
reflux would have been missed in only 18 LSVs and 25
SSVs. These figures represent 3 and 4%, respectively, of
the veins, which would not have been scanned (or 2Eur J Vasc Endovasc Surg Vol 30, 12 2005and 3%, respectively, of all the LSVs and SSVs imaged
in the study). The proportion of patients who develop
recurrent varicosities after surgery far exceeds these
very small percentages.17,18 When there is limited
availability of duplex facilities and skilled personnel
there is a reasonable argument for allowing technol-
ogists to spend time on those patients in whom there is
most doubt.
As shown in Table 5, some of the cases of LSV and
SSV reflux missed by HHD were not high velocity or in
large veins, and the long-term consequences of not
dealing with them is uncertain. It is important to
appreciate that the significance of reflux depends not
only on its duration (the only criterion used in many
laboratories and reported by most studies) but also on
its velocity and the size of the vein.19,20 Short-lived
reflux of high velocity in a large vein may be
haemodynamically very significant, while prolonged
reflux of low velocity in a tiny vein may be
unimportant. We used a threshold of 1 s to define
reflux for reasons described previously6,15 and in
common with some other authors.11,16
Other studies have implied criticism of HHD
because of its failure to detect reflux at specific sites,
such as the saphenofemoral junction or mid thigh
perforators joining the LSV; or in the SSV as opposed to
the popliteal veins.8,10,21,22 However, these criticisms
are not clinically relevant: what matters is the
identification of reflux in the LSV (from whatever
source—treatment is the same) or recognition of reflux
in the popliteal fossa (which should mandate duplex
imaging). Our study did not support the contention
that important anatomical variations were frequently
missed by HHD.22
None of these observations is intended to detract
from the importance of careful and correct assessment
by appropriate use of duplex scanning. We believe that
experience in HHD assessment and close supervision
of trainees is necessary to obtain results as accurate as
those in this study. In a context of good training and
well-defined criteria for requesting duplex imaging,
HHD assessment can avoid duplex for nearly two
Hand Held Doppler for Varicose Veins 669thirds of patients, with a very low rate of failure to
detect significant reflux. This is may be a cost effective
practice which is appropriate in any health service
setting.
With the increasing use of small and relatively
inexpensive duplex ultrasound machines on vascular
units, our observations about variations in results, and
about training and supervision remain very relevant.
Any clinician who cannot use HHD competently is
most unlikely to obtain reliable results with a duplex
machine, which requires greater skill and experience
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